14. Geologist log for borehole BE-1727 (MW-9) Inflections on fluid-temperature and single-point-resistance logs indicated possible water-bearing fractures, and flowmeter measurements verified these locations. Single-point-resistance, natural-gamma, and geologist logs provided information on stratigraphy. Flowmeter measurements were conducted while the site extraction well was pumping and when it was inactive to determine the hydraulic connections between the extraction well and the boreholes.
Borehole geophysical logging and heatpulse flowmetering indicate active flow in the boreholes. Two of the boreholes are in ground-water discharge areas, two boreholes are in ground-water recharge areas, and one borehole is in an intermediate regime. Flow was not determined in one borehole. Heatpulse flowmetering, in conjunction with the geologist logs, indicates highly weathered zones in the granitic gneiss can be permeable and effective transmitters of water, confirming the presence of a two-tiered ground-water-flow system.
The effort to determine a hydraulic connection between the site extraction well and six logged boreholes was not conclusive. Three boreholes showed decreases in depth to water after pumping of the site extraction well; in two boreholes, the depth to water increased. One borehole was cased its entire depth and was not revisited after it was logged by the caliper log. Substantial change in flow rates or direction of borehole flow was not observed in any of the three wells logged with the heatpulse flowmeter when the site extraction well was pumping and when it was inactive.
INTRODUCTION
In January 1982, homeowners near the Berks Sand Pit Superfund Site complained about the quality of their well water. The principal contaminants of concern were identified as 1,1,1-trichloroethane (TCA) fig. 1 ). This report identifies the location of one or more water-producing and water-receiving zones in five of the six logged boreholes. The purpose of the logging was to determine the hydraulic interconnection between the site extraction well and the logged boreholes. Caliper, natural-gamma, single-point-resistance (electric), fluid-temperature, heatpulse-flowmeter, and acoustic-televiewer logs were collected. The acoustic televiewer is a sonic imaging tool that scans the borehole wall with an acoustic beam.
The reflected acoustic waves are recorded digitally on a portable computer, and images of transit time and amplitude of the waves are produced. The logs are corrected for magnetic orientation, magnetic declination (true north), and borehole deviation from vertical by the logging software. Fractures are detected by longer transit times and decreased signal amplitudes. Because the returned data is oriented to true north and corrected for borehole deviation from vertical, strike and dip for each fracture or bedding plane can be determined. When coupled with other logs, the acoustic televiewer can aid in the identification of water-producing and water-receiving zones. However, if multiple fractures are close together it is difficult to specifically identify which fracture is producing or receiving water. The acoustic televiewer can be used underwater in 6-to 8-in. diameter boreholes.
Caliper logs record the average borehole diameter, which may be related to fractures, lithology, or drilling methods. Caliper logs can be used to identify fractures and possible water-producing or waterreceiving zones and to correct other geophysical logs for changes in borehole diameter. They also can be correlated with fluid-temperature logs and heatpulse flowmetering to identify additional fractures and water-producing and water-receiving zones.
The natural-gamma or gamma log measures the natural-gamma radiation (photons) emitted from all rocks. The most common emitters of gamma radiation are uranium-238, thorium-232, their daughter elements, and potassium-40. These radioactive elements are concentrated in clays by adsorption, precipitation, and ion exchange. Fine-grained sediments such as shale or siltstone usually emit more gamma radiation than sandstone, limestone, or dolomite. The gamma log can be collected in or out of water or casing. However, casing does reduce the gamma response. The gamma log is used to correlate geologic units between wells (Keys, 1988) .
The single-point-resistance log records the electrical resistance of a formation between the probe in a water-filled borehole below casing and an electrical ground at land surface. Generally, electrical resistance increases with formation grain size and decreases with borehole diameter, water-producing fractures, and increasing concentration of dissolved solids of borehole water. The single-point-resistance log is used to correlate geology between wells and may help identify water-producing zones. (Keys, 1988) .
A fluid-temperature log provides a continuous record of the vertical temperature variation in the water in a borehole. Temperature logs are used to identify water-producing and water-receiving zones and to determine zones of vertical borehole flow. Intervals of vertical borehole flow are characterized by little or no temperature gradient. (Williams and Conger, 1990) .
The direction and rate of borehole-water movement was determined by the use of a heatpulse flowmeter. The heatpulse flowmeter operates by heating a small sheet of water between two sensitive thermistors (heat sensors) located the same distance from the heat source. The time it takes for the heated water to move upward or downward past one of the thermistors is recorded. Because the thermistors are located in a channel of fixed diameter, the flow rate can be determined from the time it takes for the peak of the heatpulse to pass one of the thermistors. A flexible divertor is used to block the annular space around the tool to channel all the flow through the measurement channel. The range of flow measurement is about 0.01-1.5 gal/min in a 2-to 10-in.-diameter borehole (Conger, 1996) .
Some heatpulse-flowmeter measurements may be influenced by (1) poor seal integrity between the borehole and heatpulse flowmeter and (2) contributions of water from storage within the borehole. If the seal between the borehole and flowmeter is not complete, some water can bypass the flowmeter, resulting in measurements of flow that are less than the actual rate. Although the heatpulse flowmeter is a calibrated probe, the data are used primarily as a relative indicator to identify water-producing zones.
The geologist log (Michael Baker, Jr., Inc., written commun., 2002) consists of a series of notes and visual observations that concentrate on descriptions of material penetrated, rate of penetration, and presence or increase of water blown from the borehole. Overburden, saprolite, and strongly weathered rock were penetrated by a 6-to 10-in. diameter auger; consolidated bedrock was penetrated by an airhammer or cored. As drilling advances, the geologist collects small samples of rock cuttings at known depths and provides comments on texture, color, competence, and predominant rock or mineral. More 
DESCRIPTION OF BOREHOLE GEOPHYSICAL AND GEOLOGIST LOGS
The locations of boreholes logged are shown on figure 1. The reference measuring point for all geophysical and geologist logs is land surface. Depth of wells, casing lengths, and water levels at the time of logging are given in feet below land surface (ft bls). A cross-reference between USGS boreholeidentification numbers and site-identification numbers is shown in table 1.
BE-1722 (MW-2)
The water level measured at the time of borehole geophysical logging on November 1, 2002, was 44.58 ft bls. The caliper log ( fig. 2) shows the total depth of the borehole is 270 ft. The caliper log also shows the borehole is cased its entire depth with 4-in.-diameter casing. The geologist log is summarized in fig. 2 ; detailed descriptions are presented in table 2. As a result of insufficient data (only one water level measurement and no heatpulse-flowmeter measurements), it is impossible to determine if BE-1722 is affected by the pumping of the site extraction well. In summary, changes in vertical borehole flow and water levels were measured between nonpumping and pumping conditions. The changes, however, were minor and are difficult to assign to the effects of pumping the site extraction well. Additional work, such as packer testing, would be useful in determining any hydraulic connection between borehole BE-1723 and the site extraction well.
BE-1724 (MW-4)
The (table 7) . Water enters the borehole through a break in casing at approximately 39 ft bls and exits the borehole through the major fracture at 57 to 61 ft bls. Downward vertical flow indicates borehole BE-1724 is in a ground-water recharge area. and 101 to 103 ft bls under nonpumping conditions. Water exits the borehole through fractures at 58 to 68, 79 to 80, and 86 to 88 ft bls and the break in casing at 48 ft bls.
After several days of continuous pumping of the site extraction well, borehole BE-1725 was again logged with the heatpulse flowmeter on November 7, 2002. The heatpulse-flowmeter measurements indicated that (1) borehole BE-1725 is in an area of ground-water discharge (upward borehole flow), (2) the direction of vertical flow remained identical, and (3) the same fractures were hydraulically active during the nonpumping and pumping measurements.
Minor differences in vertical flow rates were observed under nonpumping and pumping conditions.
Under pumping conditions, the borehole flow rates on November 7 generally decreased (table 10); the exceptions are at 84 (upward flow increased 0.09 gal/min) and 90 ft bls (upward flow increased 0.1 gal/min). In addition, the fracture at 80 ft bls that was a producing zone on October 29 was a receiving zone on November 7 ( fig. 5 ). In summary, changes in vertical borehole flow and water levels were measured between nonpumping and pumping conditions. The changes in borehole flow, however, were minor and may be the result of precipitation events as evidenced by a change in water levels. Additional work, such as packer testing, would be useful in determining any hydraulic connection between borehole BE-1725 and the site extraction well.
BE-1726 (MW-7)
The water level measured at the time of borehole geophysical logging on October 29, 2002, was 65.15 ft bls. The caliper log ( fig. 6 ) shows the total depth of the borehole is 152 ft. The caliper log also shows the borehole is cased with 6-in.-diameter casing to 32 ft bls. The caliper log shows a major fracture at 32 to 33 ft bls plus smaller fractures at 48, 69, 80, and 97 ft bls. The natural-gamma log shows minor changes in lithology at 53 to 57, 114 to 118, and 146 to 148 ft bls. The geologist log, however, does not indicate any substantial change in lithology (table 11) . The single-point-resistance log shows changes in slope at 69, 80, 97, 108, 111, and 114 ft bls that correlate to small fractures on the caliper log. The temperature log shows a minor change in slope at 80 ft bls that correlates to a small fracture. The acoustic-televiewer log shows 48 fractures (table 12) . Fifty-eight percent (28 of 48) of the fractures strike north to northwest and 33 percent (16 of 48) dip to the southwest. In summary, changes in vertical borehole flow and water levels were measured between nonpumping and pumping conditions. The changes in borehole flow, however, were minor and difficult to interpret. Additional work, such as packer testing, would be useful in determining any hydraulic connection between borehole BE-1726 and the site extraction well. The temperature log shows a minor change in slope at 52 ft bls that correlates to a change to less weathered granitic gneiss.
Prior to logging with the heatpulse flowmeter on January 10, 2003, the well was cleaned out and the obstruction removed. The caliper log of January 10, 2003, shows the total depth of the borehole is 146 ft bls.
The caliper log also shows a major fracture at 54 to 55 ft bls that probably is related to the contact between weathered and less weathered granitic gneiss. (http://wcg08.met.psu.edu/cgi-bin/ida2.cgi) . The considerable change in water levels between pumping and nonpumping conditions suggests minimal influence of the site extraction well on borehole BE-1727, but this influence can not be confirmed with the available data. 
SUMMARY AND CONCLUSIONS
Borehole geophysical logging by the U.S. Geological Survey was conducted on six boreholes to aid in locating water-producing and water-receiving zones and to confirm depth of boreholes and length of casing. Heatpulse-flowmeter measurements were obtained in three wells (BE-1723 , BE-1725 , BE-1726 to determine if borehole flow rates and direction of borehole flow changed when the site extraction well was pumping and when the site extraction well was inactive. Two wells (BE-1724, BE-1727) were not flowmetered prior to pumping of the site extraction well and, therefore, can not be used to indicate how hydraulic conditions changed. One well (BE-1722) was cased its entire length and no flow measurements were collected. The results of the borehole geophysical logging and heatpulse-flowmeter measurements indicated active flow in the boreholes; two of the boreholes (BE-1723, BE-1725) were in ground-water discharge areas, two boreholes (BE-1724, BE-1726) were in ground-water recharge areas, and one borehole (BE-1727) was in an intermediate regime. Heatpulse-flowmeter measurements, in conjunction with geologist logs, indicate that highly weathered zones in the granitic gneiss can be permeable and effective transmitters of water, confirming the presence of a two-tiered ground-water-flow system.
The effort to determine a hydraulic connection between the site extraction well and five heatpulseflowmetered boreholes is not conclusive. Boreholes BE-1724 and BE-1727, which were heatpulse flowmetered only under pumping conditions, showed considerable decreases (5.20 and 7.53 ft, respectively) in depth to water measured before pumping and after pumping of the site extraction well. In the remaining three boreholes, no substantial change in source, direction, or amount of flow within individual boreholes was observed during heatpulse flowmetering while the site extraction well was pumped or inactive. The depth to water level in borehole BE-1725 under pumping conditions decreased 0.72 ft compared to the nonpumping water level, suggesting that pumping of the site extraction well did not affect this borehole. The depth to water in boreholes BE-1723 and BE-1726 increased, which could indicate a potential hydraulic connection between the site extraction well or simply be the result of changes in precipitation. A second study employing a packer would provide additional information regarding a hydraulic connection between the site extraction well and boreholes BE-1723, BE-1725, and BE-1726.
